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It is an established fact that growth and development of normal tissue 
are influenced by temperature not  only quantitatively but  qualitatively 
(1).  Are tumors similarly affected?  Does temperature affect the veloc- 
ity of growth?  Does it alter the ultimate size?  Does it change the char- 
acter of growth?  These are the questions which we wish to answer. 
Previous experiments on the effect of temperature have been mainly con- 
cerned with a somewhat different question: whether exposure to either high 
or low temperature would affect the growth of neoplasms adversely (2). 
Since these experiments were made on mammalian tumors, the range of 
temperatures employed was necessarily small and the duration of exposure 
generally short. 
For studying the effect of temperature on growth of neoplasms, the frog 
carcinoma is particularly good material (3).  Since the temperature of the 
frog is  practically that  of its  surroundings, we have an  opportunity to 
investigate the effects of temperature over a far wider range than is pos- 
sible  in warm-blooded animals.  The present paper records the results of 
experiments in which the effect of temperature was studied by direct micro- 
scopic examination of living intraocular transplants.  A subsequent paper 
will deal with the influence of temperature on spontaneous frog carcinoma. 
As has been stated (4), the adenocarcinoma of the leopard frog is easily 
established in the eye.  The growth and development of the tumor may 
be followed in detail from the beginning to the most advanced stages by 
examination with the slit-lamp microscope, or, indeed, with any suitable 
microscope and  proper  illumination.  These  direct  observations  can  be 
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supplemented  by  photographs  which  furnish  permanent  records  of  the 
growing  tumor,  and which are  of particular value for comparing rates of 
growth.  The various ways in which the carcinoma grows in the eye have 
been  described  in  the  preceding  paper  (5)  and  elsewhere  (4).  In  brief 
summary, we have found that there are three definite patterns of growth, 
the  type  of which is  seen to  depend  on  the immediate  physical  environ- 
ment of the tumor.  Where the tumor grows out in the midst of the aque- 
ous humor, unimpeded by solid tissue, it forms cylinders, tubules, or papil- 
lary  structures  which  gradually  lengthen  and  become  more  complex by 
branching.  Where the growing  tips  or the margins  make  contact with a 
firm non-yielding surface, such as lens or cornea, adhesions take place and 
a  striking  change  in  form occurs;  at  this  point  differentiation is  rapidly 
lost,  and  the  proliferating  cells  now  spread  as  fiat  membranes  over the 
supporting  surface.  Where,  however,  contact  is  made  with  a  loose  dis- 
tensible  tissue,  such  as  iris,  an  invasive  acinar  type  of growth  develops. 
To determine  the  effects of temperature,  several related groups  of ex- 
periments  were  designed.  In  one,  frogs  were  transferred  to  thermostat 
rooms immediately after inoculation; in  another,  not until growth  of the 
tumor  had  begun;  in  a  third,  not  until  the  tumors  were  large  and  well 
vascularized; in  a  fourth group,  temperature effects were investigated on 
successive  generations  of transplanted  tumors,  and  in  a  fifth,  on  tumors 
transplanted  in frogs which were  then  caused  to hibernate under natural 
conditions. 
Material and Methods 
The general  method employed in the present study was the same  as has been de- 
scribed  (4).  Briefly stated,  small  fragments  of tumor were  planted in  the  anterior 
chamber of the eye of unselected leopard frogs through a small incision at the sclero- 
corneal junction.  The subsequent  development of the  transplants  was  then  deter- 
mined and observed at weekly intervals through the slit-lamp  microscope or modifica- 
tions of this instrument. 
Permanent records were obtained by photographs.  The observations  were usually 
continued for 2 to 9 months.  During this time the frogs received no food since they 
will not eat at low temperatures. 
The temperatures to which the inoculated frogs were exposed ranged from 4°C. to 
28°C.  In some of the series, the animals were kept in thermostat rooms at 7  ° and 28  °, 
respectively.  These temperatures were chosen  because they represent the extremes 
at which frogs could be maintained satisfactorily.  In other series, 22  ° was used as the 
higher temperature;  in  the  hibernation  experiments,  the  temperature was  approxi- 
mately 4  °  . 
The frogs were kept in aquarium jars, separately or in groups up to 6, on thick pads 
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conditions  the temperature within the eye corresponded to that  of the environment, 
as was repeatedly demonstrated by thermocoupla measurements. 
For the hibernation  experiments, tall cages,  6 feet in height,  were constructed  of 
perforated sheet metal.  The lower third of each cage was filled with mud and buried 
in the bottom of the pool; above this layer were 3 feet of water; the upper part of the 
cage extended above the surface of the pond.  Frogs placed on floats within these cages 
shortly before the water began to freeze sank to the bottom within a few hours, and at 
the end of the experiment were found immersed in the mud. 
TABLE  I 
Comparison of Temperature .Effects on Growth of Intraocular Transplants 
Designation 
of inoculated 
tumors 
865 
866 
867 
870 
Total ...... 
Temperature: 7  ° 
No. of 
animals 
inoculated 
5 
6 
12 
30 
Progres- 
sive 
growth 
5 
2 
0 
I 
8 
Growth 
followed 
by 
regressio] 
1 
3 
0 
1 
5 
No 
growth 
i 
0 
6 
i0 
17 
Temperature: 22  ° 
NO. of 
animals 
inoculated 
10 
ll 
8 
11 
4O 
Progressive 
growth 
6 (3+) 
1 (1+) 
2 (2+) 
4 
13 (6+) 
Growth 
followed 
by 
regression 
0 
4 
4 
3 
ii 
No 
growth 
16 
In these experiments, frogs immediately after inoculation were transferred to ther- 
mostat room at 7°; others were kept at 22  °. 
(+) signs indicate massive tumors, which occur only at the higher temperature. 
RESULTS 
First Series  of Experiments.--Frogs  immediately after inoculation  were 
transferred to a  constant temperature room at 7 °, the control groups being 
kept in  the  vivarium at  22 ° .  It was found  that  tumors were  able  to  es- 
tablish  themselves and  develop at  both  temperatures.  These results  are 
summarized in Table I; this table is based upon 4 experiments and covers a 
period  of 9  weeks.  It is  seen  that  at  7 °,  8  out  of 30  tumors  established 
themselves  and  grew  progressively.  At  22 °  the  corresponding  number 
was  13  out of 40; this difference is regarded as not significant.  The table 
also gives for both temperatures  the number of tumors which  after initial 
growth regressed, and the number which never showed evidence of growth. 
In  these  respects,  also,  the  differences between  the  two  temperatures  are 
not  significant. 
The important  difference was in  the  rate  of growth,  in vascularization, 
and in the size which the tumors finally attained.  The comparative prog- 
ress  of  the  tumors  is  clearly  shown  by photographs  (Figs.  1  to  11).  At 
7 °  (Figs.  1  to 4,  9  to  11),  there  was slow but  continued  outgrowth  of tu- 324  EFFECT OF TE~fPERATIYRE ON GROWTH  0]~ PROG CARCINOMA.  I 
bules, which usually remained short and stubby (Fig. 10).  The size of the 
transplants increased very gradually.  The slow rate of growth during a 
period of 208 days is recorded in Figs.  1 to 4,  and during a  period of 278 
days for another tumor in Figs. 9 to 11. 
In contrast, at 22 ° , growth was more rapid, and the size attained much 
larger.  This is demonstrated in Figs. 5 to 7, which cover a period of only 
75  days, during which the tumor practically filled the anterior chamber. 
Such large tumors developed in a considerable number of frogs at the higher 
temperature, whereas no such large tumors developed at 7  ° .  One factor 
which accounts for this difference in  rate and amount of growth was the 
earlier and more effective vascularization at the higher temperature (Figs. 
5 to 7).  Only a few of the tumors at low temperature developed an abun- 
dant blood supply,  although they did establish  firm union with the  host 
tissue. 
Second Series of Experiments.--In this  series the effect of temperature 
was studied on  tumors that had already become established.  Following 
inoculation, frogs were kept in the vivarium for 2 or 3 weeks.  Those with 
definitely growing tumors were then transferred to constant temperature 
rooms,  at  7  °  and  28  ° ,  respectively.  This  difference in  temperature was 
considerably greater than that in the first series, and certain effects of tem- 
perature were strikingly evident.  Thus, at higher temperature, the tubulo- 
papillary outgrowths into  the aqueous humor were longer and branched 
more extensively than in the tumors which grew in the cold.  Also, at the 
higher  temperature  through  rapid  accumulation  of  fluid,  many  tubules 
became increasingly translucent and broader in diameter.  As the process 
continued  such  tubules  were  more  and  more  distended  and  ultimately 
assumed a  cystic character.  The cysts gradually increased in size; some 
remained  filled  with  fluid,  others  became  solid  through  secondary  in- 
growth of papillary projections from their walls.  Such cystic formation 
rarely occurred in the cold group.  In all groups, growth of tumors con- 
tinued though at a  slower rate at the lower temperature.  However, since 
these experiments dealt with established tumors, many of which had de- 
veloped a  vascular supply before transfer, the difference in ultimate size 
was  less  pronounced  than  in  the  preceding  group.  Though  the  initial 
rate  of growth was  greater at  the higher temperature, growth-retarding 
factors also came into play much sooner.  This is clearly seen in a  group 
of photographs  (Figs.  12  to  15).  In Fig.  12  is  shown an active tubular 
growth at  7  °,  63  days after implantation;  a  corresponding tumor at  28 ° 
became much larger  in  approximately the  same period  (Fig.  14).  But, 
while the tumor at 7  ° during the next month continued to proliferate, form- BALDUIN LUCKE AND H. SCHLUMBERGER  325 
ing many new tubular processes (Fig.  13),  that at 28 ° began to regress; its 
tubular  outgrowths disappeared,  its surface became smooth  (Fig.  15). 
The phenomenon of regression has served as a  useful criterion in evalu- 
ating the effects of temperature on the course of transplanted  tumors.  In 
Table II are compared the results obtained in a  representative experiment 
in the week-to-week examinations.  It will be seen that  at the lower tem- 
perature  tubular growth continued in 7  of the 8  animals during the entire 
3  months  of examination;  at 28 °,  all transplants  had  regressed  before the 
TABLE II 
A representative experiment showing  effect of temperature on duration of growth. 
(3 weeks after inoculating tumor 876, frogs in which growth had begun were transferred 
to constant  temperature rooms; one group was kept at  7°C.,  the other at 28°C.,  for 
12 weeks.) 
I 
Time  Temperature:  7°C.  I  Temperature: 28°C. 
after  Frog No.  I  Frog No.  transfer 
0 
1 
2 
5 
6 
7 
8 
10 
11 
12 
T  T-- 
T  T-- 
T  T 
T+  TM 
T+  TM 
T+  TM 
T+  T 
T+  T 
T+  T 
T+  T 
3 
M 
T 
T 
T 
TM 
T 
T 
IT 
T 
T 
4  5 
T  M 
T  T 
T  T 
T  T 
T+  T 
T+  T 
T+  T 
T-I-  T 
T+  T 
T+  T 
6  7 
T--  M 
T  T 
T  T 
R  T 
R  T 
R  T 
R  T 
R  T 
R  T 
R  T 
8  9  ! I0 
T-  T 
T-  T 
T  T 
T  TM 
T  TM 
T  TM 
T  T 
T  R 
T-  R 
T  R 
11  12  13  14  15 
M  TITIT  l  T- 
T  T IT  T  'T 
I 
T  TITIT  T 
T  DIT/TM  T 
T  R  R  T 
R  R  T 
R  R  R 
R  R  R 
R  R  R 
16 
T 
T 
TM 
TM 
R 
R 
R 
R 
R 
R 
T  =  progressive tubular  growth,  M  =  membranous growth,  R  --  regression of 
tumor which  had been growing,  D  =  death of animal,  +  =  acceleration of growth, 
-  =  poor growth. 
end of this time.  Such tabulation does not indicate the amount of growth, 
but  only  its  duration.  It brings  out  the  fact  that  regression  of  tumors 
developed earlier at 28 ° than at the lower temperature. 
The  second  series  of  experiments  is  summarized  graphically  in  Text- 
fig. 1.  This graph is based upon 5 experiments in which a  total of 86 frogs 
were inoculated; 46  of these were kept  at  7 °,  the  remainder at 28 °.  The 
percentage  of actively growing  transplants  is plotted  against the number 
of weeks following  transfer to the constant temperature rooms.  All tumors 
at  time of transfer were actively growing.  By the  5th  week, 94 per cent 
of the  transplants  in  the  cold groups were  still progressing,  while  at 28 ° 326  EFFECT  OF  TEMPERATURE  ON  GROWTH  OF  :FROG  CARCINOMA.  I 
only 62 per cent remained active.  4 weeks later,  the percentage had de- 
clined to 75 per cent at 7  °, and to 22 per cent at 28°; in another 4 weeks, 
64 per cent of the tumors in the cold group were still active, but only 7 
per cent of those at high temperature showed no signs of regression.  Re- 
gardless of temperature, frog carcinoma transplanted to the anterior cham- 
ber has been found to have a  definite cycle of growth.  After a  period of 
lag, comes one of relatively rapid increase in size; this is followed by gradual 
decline in rate  of growth until a  stationary period is reached, and finally 
after a  variable interval regression usually sets in  (4).  The beginning of 
this last period is usually well defined, for the stationary period is as a rule 
quite  short.  For  a  week  or 
~Joo  two there may be some doubt 
~  whether new tubules are form- 
ing  or  existing  tubules  are 
~¢~  branching, whether membranes 
are  extending  or  becoming 
thicker, or  whether the tumor 
~  as a whole is increasing in size. 
But, more frequently, the tran- 
~ zo  sition  is  abrupt,  and  strik- 
ing changes  take  place  within 
o  ~  ~  ~  a  ~  z~  a few days.  The tubular proc- 
w~¢~s  ,~'r~lt  r#p~wrt#  ro  esses  shrink,  the  surface  of 
Co/¢srA~/r  T~Mp~#Aru#~ /i'oo~¢ 
the  tumor  becomes  rounded,  TExT-Fro. 1. Percentage of transplants  that 
continued to grow at 7°C. and 28°C.  the  mass  as  a  whole  more 
compact.  It  is  now  that  re- 
gression is definitely established.  It may proceed slowly or rapidly; indeed, 
sometimes there  is  a  reversion  to  activity.  The  factors  responsible  for 
regression  have  not  as  yet  been  fully investigated.  But it seems prob- 
able that in the relatively small and confined space of the anterior cham- 
ber,  progressive  increase  in  intraocular  pressure  with  resulting  disturb- 
ance  of  circulation  are  of importance  (4). 
It  is to be emphasized however that  throughout the entire course, the 
average size of the tumors at higher temperature exceeded that at the lower 
temperature.  Indeed,  at  the  higher temperature  complete filling of  the 
anterior chamber, invasion of the cornea, and outward bulging of the eye 
were commonly observed; such massive growths were obtained in none of 
the frogs kept at 7 ° . 
Third Series of Experiments.--This  series dealt with the effects of tem- 
perature  upon  long  established,  large,  vascularized  tumors  which  had BALDUIN  LUCKE  AND  H.  SCHLUMBERGER  327 
steadily progressed.  At  the  conclusion  of the first  series  of experiments 
we had available 6 large actively growing tumors, one of which is shown in 
Fig. 7.  Three of the frogs with such massive tumors were transferred to 
the cold room at 7°; the others remained in the vivarium at 22 ° .  It was 
found that low temperature did not arrest nor change the mode of growth 
of  the  tumors;  they steadily progressed,  though  at  slower  rate.  An  ex- 
ample is given in Fig. 8 which shows the progress of the tumor 3 months 
after transfer from the vivarium to the cold room (compare with Fig.  7). 
The  other  two  tumors increased in  size  at  approximately  the  same  rate 
and all remained vascularized.  At 22 ° the rate of growth was much more 
rapid.  Within a month, 2 of the 3 tumors had invaded the cornea, causing 
it  to  bulge;  one  of  these  eroded  through  the  cornea  and  formed  a  large 
sloughing extraocular mass.  All animals died within 2 months. 
Ejfect  of  Temperature  o~  Growth  of Successive  Generations  of Intraocular 
Transplants 
In the preceding sections it has been brought out that tumor transplants 
grow much faster and in somewhat different form at 28  ° than at 7°: at  the 
higher  temperature,  tubulo-papillary  outgrowths  are  longer  and  branch 
more  extensively,  and  conspicuous  dilatation  of  tubules  with fluid com- 
monly  leads  to  the  formation  of  cysts;  on  the  contrary,  at  the  lower 
temperature the outgrowths usually are short and straight, and cyst forma- 
tion  is uncommon.  Will these  differences persist  or even become  accen- 
tuated if the  tumors  are  passed repeatedly from one  animal to another? 
This  possibility was  tested  in  two  series  of  experiments.  In  one  series, 
the  frog carcinoma was propagated  to  the  fourth generation,  in  another 
to the third.  In both,  the differences in character between growth at 28  ° 
and at  7  ° became more pronounced in that large cysts were formed more 
constantly  at  the  higher  temperature.  Since  the  results  of  both  series 
are similar, the history of the transplantations is given for one series only. 
First Tumor Generatian (60 Days).--The initial transplants were derived from a large 
tumor which had completely destroyed the kidney.  They were implanted in the anterior 
chamber of the left eye of 10 frogs which were then kept at 28°C.  Only one of the trans- 
planted tumors grew well.  This had an unusually prolonged lag period, and during the 
first 3½ weeks gave no evidence of growth.  Thereafter it grew rapidly; a mass of tubulo- 
papillary  projections  formed  which  soon  made  contact  with  the  cornea,  a  thick 
membranous  growth now developed which gave a solid appearance  to the tumor.  By 
the end of the 6th week a dense vascularized mass had filled the anterior chamber, and 
at one place invaded the cornea; 3 weeks later, the entire eye bulged considerably and 
two separate areas of the cornea had become eroded and were protruding (Figs. 16 to 19). 
The tumor was now removed, divided, and transplanted into 12 frogs, 6 of which were 
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Second Tumor Generation (67 Days).--The transplants  became established  in  5 of 
the group which remained at 28  °.  At the end of the 1st week, dilated tubules or small 
cysts had formed at the free surfaces.  The cysts rapidly increased in number and size, 
:some becoming so large that in several of the animals half of the anterior chamber was 
filled.  At first, these cysts had thin translucent walls,  and were filled with clear fluid. 
Later, the walls thickened, and from them extended cylindrical or tubular strands which 
gradually transformed the cavity into a solid mass.  Between the clusters of cysts there 
were islands of more solid tissue which grew in the usual manner.  The progress of the 
transplants  is shown in Figs. 20 to 25.  One pair of photographs (Figs. 22 and 23)  is 
from a transplant in which the initial cystic growth had become almost solid by the end 
of the 3rd week; vascularization now became established, and the tumor filled the cham- 
ber by the end of the 6th week.  The other photographs (Figs. 24 and 25) are an example 
of a highly cystic development, which, however, by the end of the 10th week had also 
formed a nearly solid mass filling the chamber. 
In contrast to the rapid and cystic growth at 28  °,  the transplants  at  7  ° developed 
slowly.  There was a long period of lag, after which short, stubby tubules formed at the 
free surfaces, but no cysts developed; vascularization was inconspicuous, and the rate of 
progress slow  (Figs. 20 and 21).  Mter 9 weeks exposure to 7  °, 2 of the animals were 
transferred to the vivarium at 22  ° where the rate of growth soon became accelerated. 
Third  Tumor Generation (46 Days).--The  tumor  shown  in  Fig.  25  was  removed 
immediately after it had been photographed, and was again transplanted into 12 frogs, 
6 of which were kept at 28  °, the others at 7  °.  At the higher temperature all 6 rapidly 
developed a cystic growth (Fig. 26).  During the first  2  weeks  the  appearance  of the 
transplants  was that of clusters of  delicate,  translucent  spheres,  which  were  at  first 
separate, but later tended to coalesce.  By the end of the 3rd week many of the cysts 
had become partly or wholly solid by ingrowth from the walls.  By the end of 6 weeks 
the anterior chamber in 4 of the 6 animals had been filled  by solid or  tubular  masses 
(Fig. 27). 
At 7  °, tiny tubules grew slowly from all transplants.  Progress was so slow that after 6 
weeks the transplants  had barely doubled in size.  No cysts formed and conspicuous 
vascularization did not occur. 
Fourth Tumor Generation.--Portions of several of the large tumors from the preceding 
generation were transplanted in 20 frogs, of which 10 remained at 28°; the other group 
was placed in the vivarium at  22  °  .  In all transplants  of both groups, cysts rapidly 
formed from greatly dilated tubules.  At the time of writing, growth is steadily pro- 
gressing in the different manners described. 
These  experiments  demonstrate  that  frog  carcinoma  which  has  been 
maintained  at  28  °  can  readily  be  passed  through  several  generations, 
gaining  in vigor with  passage.  At  7 ° , however,  the  rate  of growth is  not 
appreciably  altered  in  successive  generations.  The  difference  in  form  of 
growth  becomes  accentuated  in  that  at  28  °  cyst  formation  is  more  pro- 
nounced in later  generations  than  at  the  beginning. 
Effect of Hibernation on Growth of Transplanted Tumor 
Two  groups  of animals  were  caused  to  hibernate  under  natural  condi- 
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the transplanted  tumor had begun to grow; in the  other after growth had 
begun;  hibernation  was continued  for 80  days.  At  the  end  of  this  time, 
examination of the transplants gave no definite evidence of progress, but all 
appeared  living.  Upon  return  of  the  frogs  to  an  environment  of  22 °  or 
28°C.,  respectively,  growth  soon  began  and  progressed  at  a  rate  similar 
to that which had previously occurred in the controls.  In sum, growth of 
transplanted  tumor was checked during hibernation  at 4 ° ,  but long expo- 
sure to the low temperature did not prevent subsequent growth at higher 
temperature.  After  hibernation  the  course  of  growth  resembled  that  of 
the  control  groups.  The  history  of  the  two  experiments  is  summarized 
below. 
In the first series, one group of 12 frogs was kept in the cold room at 7  ° for 1 week to 
permit complete closure of the operative wounds.  Upon examination, none of the trans- 
plants showed evidence of growth, but all appeared in good condition.  The frogs were 
then transferred to a pond, on which ice formed within a week and remained unbroken 
until the frogs were removed in  the spring.  At that time the transplants in all of the 
animals had a  healthy translucent appearance, but no definite  evidence of outgrowth 
was noted.  6 of the frogs were then kept at 22  °, the others at 28  °.  At both tempera- 
tures, outgrowth of tubules began promptly, proceeding at a  more rapid pace at the 
higher temperature.  By the end of the 3rd week the tubules had attained considerable 
length,  and some had begun to branch.  During the next week, progress was rapid 
(Figs. 28 and 29) ; thereafter the rate decreased and in some, regression set in.  In the 5 
control animals which had been kept at 28°C. from the time of inoculation, all trans- 
plants grew at average rate. 
In a second series,  frogs were kept in the cold room for 4 weeks after inoculation. 
11 with average tubular growth were now removed to the pond, where they remained 
under the same conditions  as the animals of the preceding group.  Only 7 were recov- 
ered from the hibernation cages; in none of these had the transplants made significant 
progress.  After transfer to 22  °, however, growth was resumed in 5 of the 7; it continued 
quite rapidly for 2 weeks,  then more slowly for 2 more weeks,  after which  it became 
stationary or regressed.  In the control group, of  15 animals which  had been kept at 
28  °, 10 developed good tubular growth. 
SUMMARY 
From the results of these experiments we can now attempt to answer the 
questions proposed in the introduction. 
Just as in normal tissues, it has been found that growth and development 
of a malignant neoplasm are influenced by temperature both quantitatively 
and  qualitatively.  The  most  striking  effect  was  the  acceleration  in  the 
rate  of  growth  of  the  tumor  at  higher  temperature,  and  retardation  at 
lower.  The ultimate size attained within periods averaging 5 months was 
regularly much greater at higher temperature. 
Also, the character of growth was quite different.  At high temperature, 3,30  EFI~ECT  OF  TEMPERATURE  ON  GROWTH  OF  ZFP.OG CARCINOMA.  I 
there  was  more  efficient  vascularization,  and  the  tumors  formed  long, 
branching,  tubular  outgrowths  and  cysts;  at  low  temperature  the  out- 
growths were short and stubby and cysts were rare. 
These  differences  were  accentuated  by  repeatedly  passing  the  tumor 
from  one  generation  to  another.  In  particular,  in  such  serial  passages, 
there was a remarkable tendency for the tumor to develop greatly dilated 
tubules and large cysts, which later, however, became solid as the result of 
ingrowth from the wall. 
The  experiments demonstrate  that  the carcinoma in  the frog can exist 
over a  wide range  of temperature.  Even  a  temperature  as low as 4 °, as 
in  the  hibernation  experiment,  produces  no  injury  to  the  tumor.  This 
result is consistent  with  the  common  occurrence  of large,  healthy,  spon- 
taneous  tumors in  frogs which  have  recently  hibernated  in  their  natural 
state. 
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EXPLANATION  OF  PLATES 
All figures are unretouched photographs of living tumors.  The magnifications stated 
are approximate.  All of the figures were photographed by Mrs. Miriam R. Barrett. 
PLAT~ 12 
Comparative Rates of Growth of Intraocular Transplants in Frogs Placed in Constant 
Temperature Rooms Immediately after Operation.-- 
Fins. 1 to 4.  Rates of growth at 7°; the photographs were taken 10, 23, 90, and 208 
days,  respectively,  after  transplantation.  ×  9. 
FIGS. 5  to  7.  Rate of growth at 22°; these photographs were taken 39, 69, and  75 
days respectively after transplantation.  Well developed vessels are shown in this group, 
but not in the group at  7 °  (Figs.  1  to 4).  ×  9. 
FIG. 8.  Growth of tumor shown in the preceding figure 103 days after transfer from 
22 ° to cold room at 7°C.  ×  9. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  72  PLATE  12 
(Luck6 and  Schlumberger:  Effect of temperature  on frog carcinoma.  I) PLATE 13 
FIGS. 9  to 11.  Continued slow growth of intraocular transplants of frog carcinoma 
at  7  °.  Photographs were taken  10,  146,  and 278  days after inoculation.  While new 
tubules are continuously forming they remain short and stubby.  Fig. 10,  X 20; Figs. 
9andll,  X9. 
FIGs. 12 and 13.  Steady growth of tumor with new tubule formation at 7  °, 63 and 98 
days, respectively, after transfer to cold room.  (In this group the frogs were not trans- 
ferred to thermostat rooms until growth had definitely begun.)  X 20. THE JOURNAL OF  EXPERIMENTAL  MEDICINE VOL.  72  PLATE 13 
(Luck6 and  Schlumberger:  Effect  of temperature on  frog carcinoma.  I) :PLATE 14 
FIGS. 14 and 15.  Growth at 28  °, 67 and 104 days, respectively, after transfer to high 
temperature room.  These figures are to be compared with Figs. 12 and 13.  After 67 
days the tumor at 28  ° is much larger than that at 7  °, but after another month, the tumor 
at  the higher temperature is regressing while that at  the lower is still active.  X 20. THE JOURNAL OF  EXPERIMENTAL MEDICINE VOL.  72  PLATE 14 
(Luck~ and Schlumberger:  Effect  of temperature on frog carcinoma.  I) PLATE 15 
Effect of Temperature on Growth of Successive  Generations of Tumor.- 
FIGS. 16 to  19.  First generation of transplanted tumor growing at 28°C.  Figs.  16 
and 17  are front and side views of  tumor 40  days after inoculation; Figs.  18 and 19 
show  appearance 18 days afterwards.  Vascularity of transplants is well shown.  The 
irregular contour of cornea in the side views is due to invasion and local protrusion.  ×  9. 
FIGS. 20 and 22.  Growth in second generation at 7  ° and 28  °, respectively, 24 days 
after transplantation. 
FIGS. 21  and 23.  The same transplants 21  days afterwards.  At  28  °  the tumor is 
well vascularized and has filled the anterior chamber; at 7  °, progress has been slow.  ×  9. THE JOURNAL OF  EXPERIMENTAL MEDICINE VOL. 72  PLATE  15 
(Luck6  and  Schlumberger:  Effect  of temperature  on  frog carcinoma.  I) PLATE 16 
Effect  of  Temperature  on  Growth  of Successive  Generations  of Tumor  (Continued). 
FIGS. 24 and 25.  Growth in the second generation at 28 °, 24 and 68 days after trans- 
plantation.  Fig. 24 shows large cysts, which later filled through ingrowth of tubules, 
and formed the solid tumor shown in Fig. 25.  X 9. 
FIGS. 26  and  27.  Third generation of tumor 25  and  46  days after transplantation 
of the tumor shown in Fig. 25.  The cysts which occurred during the early stages of 
growth gradually became filled and eventually a solid tumor formed. 
Growth  Subsequent  to Natural  Hibernation.-- 
Fits. 28  and 29.  Mter  80  days of hibernation frogs were returned to vivarium at 
22°C.  At  this  temperature growth of the  hitherto  dormant  transplants  soon began. 
Fig.  28  gives the appearance of tubular proliferation after 20  days in  the vivarium; 
in Fig. 29 the progress made after 7 days is shown.  X 20. THE JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  72  PLATE  16 
(Luck~ and Schlumberger:  Effect of temperature on frog carcinoma.  I) 